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(57)Abstnet 

' An antemn for a land-based, mobile ladio communication system, having a reduced size and 
shape. Indudes duee, flat anteima dielectric pands (32a. 32b. 32c^^ 
degrees of arinuttb. On each dielectric pand are famed two, Interfeavcd microsti^ 
having nairow vertical beam widtfL One of the antenna anays (36) receives signals and die oft» 
antema anay (34) transmits signals. The receive anay is circulariy polarized. The panels are mounted 
hi a triangi^ configuration about a central mast and a cyUndrically shaped radome encloses the 
dielectric panels. 
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LOW PROFILE ANTENNA ARRAY FOR LAND-BASED, 
MOBILE RADIO IREQDENCY COMMUNICATION SYSIEM 

FIELD OF TNVENTfON 

The anventioa relates generaD^ to antenna and more panicubriy to low- 
profile antenna arrays for land-based, mobile radio frequency oonmnmication systems. 

BACKGROUND OFTHE INVENTTQN 

MbbQe radio frequenqr communication systems, iKiiidi include the conventional 
'ceOular* systems and the new personal communications systems or PCS» are cunently 
enjoying wide-spread use tbxDugbout the country and the world. Most mafco' urban and 
suburban areas have at least one» if not two, systems. With sew frequency bands bciqg 
allocated in the United States for PCS, additional systems are e^cpected to be installed 
in these areas. As the number of systems and the mobile subscribers in a given area 
increase; so too <k)es the number of antennas. However, due to the size and appearance 
of conventional ceUular antennas, suitable sites are e ip e c te d to become more fiGBcnlt 
to find, especially in urban and submfaan areas. 

In ceQular and currently proposed PCS systems, a territory that is being serviced 
fay a qistem is divided into mult^le "cells.* At the center of each cell » located a base 
stadon. The base station transmits and receives radio frequency signals carrying voice 
and data to and from mobile radb telephones currently located within that cell The 
base statiom are interconnected thrcmgh a central, ceQiiIar switching ofSce. Thecellular 
switching oCBoe is, in turn, usually connected by conventional telephone wiring capable 
of handling many simtdtaneous caSs (called a "trunIO to a conventional local tdenhone 
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netwozk. SinceeaehcdlliMoiityalioiitediiuiiiberofc^^ 
can be BBjeascd only by farther suMiwdin^ 
Additional syitenis in the same geognpto 

tenitoiy,bBttheyalioiequiieadditiBiialbaie8t8tibM Ineteajngeapaciiy 
in a tenitoiy thi» requires additbnal antennas. 

Unfortunately, conventional antennas for iand-based. mobile «^imniinition 
fy»ten»areIarge,buIkyandgenetaIlyconsideredtobe8estheticallyun^^ Ownen 

or ndghboia of suitable sites, especially in urban and snbnrban areas, often ^ 
unsif^itlmess of the antennas. 

The large size and unsightlim» of antennas are due in part to sewerd constraints 
iaposedby,orrequiiements&r,aland4»asedniQbileradioconmMinications^^ Em, 
the antenna aiiay generally nn« be capabte of sinmhaneously transmitting and recei^ 
radio frequenqr signals. Thus, it nwsl haw separate transmitting and receiving antemia 
dements. Second, both the receiving and transmitting antennas must be, in most cases, 
onmidirectional, meaning that the antenna must be capable of transmitting and roce^ 
in an horiamtal directions. TWrd, the antennas mnst h»c high gain. The antenna not 
onty nn« contend imth the low pow of the mobile telephones, bat aho the eCEe^ 
the 8^ peculiar to a land4)ased moWte communication system such as fi^ 
caused by the oatund teiram, man-made structures ami movement of the moMe radio 
telephone. Noise and faterferenee in urban areas may also be high. Qnseqnently, an 
onuddirectional antenna ii usualfy made of several directional antennas, each having a 
narrower horizDntal beam Mwlth to increase gain. Furthermore, since afl receiven and 

transmittert M generally withm a plane near the giound, the vertical beam widths ) 
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nairowed to fintfaer increase gam. Vertically staeldug seven! anteona dments in an 
anajr nanows vertical beaxD widtL Third, jignals transmitted from a mobile uier niy 
reflect off other stnictures and ohjem before being receiwed by the a 
nodtuufy polarized, lb assure adequate gain, the aitiy is preferaUy dualfolarizBd to 
receive both verticalljr and horizontaOjr pohtired s^nals by providing a second Imear 
antenna array. Abo, having both polarizations helps assure adequate reception fiom 
band-hdd mobile units, vibass antennas may be oriented vertically. borinntaDy or in 
between when the unit is held near the ear. Fourth, reflected signals afao create 
mn l dpat h fadin g and may also become ctoss-polariaBd. To overcome these problems, the 
two receiving antenna ainys are spadally sq>aratBd (space diveisiiy) to provide di^ 

giB&L 

Aa antenna that satisfies these constraints tends to be a larger rather taO, 
ungainly and unattractive structure. R)reaniple, in one type of antenna installation, 
there are three sets of directional antenna arrays, each covering one hundred, tnaay 

IS d^rees of azimuth, that are supported on a pole or mast above the ground, beadi set 
are tro vertically pcdarized arrays and one horizontally polaroed aiiay of wm d^cie 
dements. The bottom ainy is used foreoeivin& the middle atiayfiartransmittmg and 
the top anay fiar receiving. Using two, spatially separated arr^ enhances diversi^ gain 
of incoming signals. The resulting structure can be greater than tfattty feet in he^ 

20 (lepemling on the exact range of frequencies to vdudi the antenna B tuned. 

Due to the iocreasiag use of mobOe communication devices, there is a need 

Unefixe fiar a antenna configuration for ure in land-based, mobile radio communication 



PCT/US96a2987 



fl«em that hM a goienlfysaialler aize and a more ple^ 
tequtanenla noted above^ partlcalariy Ugh gain 
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SUMMARY OF THE INVENTTQM 

Hie invention relates to an antenna structure for base stations of a land-based, 
radfa communication systems and the like. TTie invention overcomes the limitations 
placed on such antennas to provide an antenna having a snbstantially «woi t^ and 
narrower pb]/sical* profile as compared to conventional prior art antennas, without 
sacrificing performance. Ihe comparatively small profile allows for the antenna's 
placemen in confining areas often found in urban landscapes. Its smaU profile also 
penntis it to be compteely endoses wttUn a radome that results, as compared to 
conventional antennas, in a more aestheticalljr pieasmg size, sbspc and appearance. 

An antenna in accordance with the invention inchides one or more directional 
arrays formed on one or more flat panels firom a plurali^ of flat patches* of metal 
deposited on a panel Eadi patch fimcdons as a sqiarate radiating element Hsepaneb, 
being rdativcly flat, reduce the ovcraU wHth and depth of the arr^ 
with wire dipole radiators, resulting in a narrower overall profile of the assembled 
antenna. Tlic entire antenna is enclosed within a low^profileradoma Theradomenot 
onljr protects the antenna elements fiom weather, it also provides several important 
advantages. It is aesthetically pieasmg especially given the rdatively 
antenna. It provides minimal eavircmmental impact Biids, for ciample, are unable to 
nest in the structure. It ofifecs low wind resistance. Thus, since wind loading is reduced, 
the antenna tends to cost less to erect It abo can be more safdy serviced. 

In one embodiment, an array pand includes two linear arrays of "knioostrip* or 
•patch* antenna elements, one array for receiving and one for transmitting. To reduce 
the vertical height of the antenna while still providing a narrow elevational or vertical 
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beam Width fbrgreater gam. the patches of the tian^ 

are intetteaved. meaning that the Clements of each aira^ 

other anay. F««hennoie, the patches te the lecehonganay ate dual-tt^ 

Iy loeatiagt«fo.iimtiial%r*rtht)gooal!^ A second receiving anay 

iiunneBessaiy for provide dual linear horizontal andi«^ Additionalfy, 

whenusinganantemja according to the inventbn.asecond,sp8cially8epa^ 

accqr is not required to provide adequate divezsi^ gain. 

To provide oa^dfrectional eoveragft a phaality of pand an^ 
mticallyinpolygonal6shionaronBdasopportmast. Due to the relatively narrow width 
and flatness of the pands, the resulting antenna has a relativd^ A 
cyJindiically shaped radome encloses the paneL The mast supports the radome in a 
vertical position. !!« patches hi each atiay are comiected to a poi«r splitter having a 
single output coupled to a comiector b a mountmg plate located at the bottom of ^ 
ladome. "Hiccomiectors are thus protected ftom weather when the antemmissurfitt^ 
mounted and no cabling or other lh« are visibk or readily accessibte once fl^ 
b mourned. Without esposed caUas, the amem« fa Mcured agai»t vawbS^ 
ninimlang the need for (b«&g and, firther, the amema fa attra^ 
plaeedhi many areas in wfaidiconventioma antennas would not otheiw^ 

Far a ceflular system operatmg at gOO.900 Mhz, the overaU dimensions of an 
antema according to one embodhnent of the nn«tion are approsimatelyPfe^ 
L25 feet m diameter. A conventiomdantemia has sides m the range of approximately 

eight feet by thirteen feet, with a thirteen by thirteen by thirteen base, for the «^ 
frequencies. 
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These and other aspects and adwntaga of the iavendon are ap^ 
fi>nowmg description of the accompanying drawings iOustrating a prefened embodtment 
of the invention. 



In the accompanying drawings: 

FIGURE 1 is a schematic tepresentatbn of a conventional land-based, moMe 
radio oQmnmnicatKKi s/sxeati 

HGtJRE 2 is an devational view of the exterior of an antenna for a land-based, 
nwWIe radio conimunieation system in accordance with the present invention; 

HGURE 3 iltostrates the antenna of F«ure 2 with a side portion of a radome 
cover CQt-away; 

HOURE 4 is a crois^ectibn of the antenna of Kgnre 3 talcen along section Jine 
44ofEgare3;and 

FIGURE 5 is a idan view of the bottom of the antenna of F^ure 2. 

In the following desertion, like numbers refier to like parts. 

HOURS 1 is a sdiematie representation of a land-bued mobile i«imm.«<>^ 

qwtem 10 which is weU-known hi the art and is hitended to be repiesentatwe of all such 
sjfttems. The system mcfaides a phuality of base stations 12, one for each cell (not 
indicated). Each base station is linked by a land-line 14 to a mobite communications 
switching oCBce 16. Ihe nurinle communication switching ofiSce connects with a local 
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telephones]«temviatn»kIine.l& Each b«e.tationind«desttanteniu 24 connected 

to a nrfb fiequenqr trannnhter and receiver (not show^^^ Tte base stadon 

sinwltaneoudybroadca^sandreceivesiadiofiequencya^ 

wWUn. given fieq«snqr band Qamnnnicatica bet««en the base station and a n^ 

«lb frequenqr ttansnatter and receiver, or .BoWte 

««ple..uton«*fle22.isfuDdaphx Tl« antenna 24 i, »«Uly located in the center 

of each ceU and genen% broadcast, and receive, dgnab in an directions of az^ 
H««««ver.aaantenaa'.n«liationp.ttemn«jr.ifnecessa^ 

coverage in one direction according to weB known principles. 

FIGinffi2ilh«ntte,ananteana24«atableto««»inaland*ased.m^ 
conm^uHications^teasuchasshown^^ TUantenna 
» enctoaed by a geoendljr rigid, qiiadrical^^ 
H«eriaL Q»«>Pofthe<^i.areB«««ecap28fc«adingtheto^ 
and pnrriding access to antenna elemeats located Inside. A moumiag base 30 for 

att«iring the antenna to a «rncn« or other olqea i, connected to the ^ 
rad(»ne and seals the bottom of the ladome; 

HGURE 3 is an elevational vie«r of antenna 24 with a fiont portion of the 
tado«e26eut^torevealafl.torptanaraatennapanel31 n« panel bconvrired 
of three sections 32a, 32b and 32c of dielectric naterial ananged 
««»-to<nd. Etchedmaconventionalmannerontheouter«»fiM»ofthethreedid^ 
sheets are nh« trensnit Hriciortrip patches 34 and nine receive ^ 
fanninftrespectivdy, a linear trananit arrays Each airey is 

vertical^ oriented for a na,n«. vertical beam width for aa^^ 
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panUeltothegrouDd. Tlie transnh patches 34 are interleaved or alte^ 
receive patches 3(5. On the back of the dfclectric is a layer of metal (not visible) that 
fijnns a ground phne. Each transmit patch 34 is fed signals through the back of the 
pand32 using probe attached toacowentiomd coaxial connector(not«hown).Atip 35 
of each connector's Bsed probe is connected to the transmit patch 34. Each receive 
patch 36 is dual linearly polarized by feeding the patch fom the rear at two p^ 
orthogonal to each other with respea to the center of the patdi, ttsmg com 
coaiialcomiectors (not shown). A tip 37 of each comiector's feed probe is connected 
to the receive patch 36. Alternately, the transmit and the receive patches can be fed by 
ndcrostrip transmission lines deposited on the outer layer of the dielectric p^ 

The connectors of the transmit patches 34 in the transmit array on a panel are 
conmwted by coajdal cable to a first power spKtter m order to comWne the signab ftnm 
atttransmitpatdiesintoasmgtesignalfatransmissiontoaradioreceiver. Inasimibr 
nanner, verticd polarizaiion connectors firom each receive patch 36 m 
are connected to a second power splitter, and the horizontal pohuization conaectois 
fromthereeeivearrayareconnectodtothethirdpowersplitter. Rvshnplictty. the three 
power spHtters are schematically represented l7 boa 38 and coaxial caWes connecthig 
each pateh to the respective power splitter are omitted. The output of each power 

splitter is provided to a coaxial comrector 3a Agtoup of three connectoB 39 are shown 
in Rgure 3. one for the transmit array and t»o for the receive array of panel 32; 

eaending through the bottom of mounting pUte 30 for connection to cables torn the 
tra n sm itter s and receivers to the hm* mirtpp. 
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HGURE 4 it 8 ooss^ectioa of anteniia 24, takes gener^ 
44 ia Figute 3. It wfll be described with reference also to HGUKE 3. An 
omnidirectional version of the antenna includes three panels 31 Each panel b 
sniManlialljridentical and has been described witbie&fenee Eaehpand 
oovos a complenientaty one hnndied, tneatf degree sector of admith about the 
antenna, thus providing antenna 24 with omnidirectional coverage. Each panel is backed 
by a grounded afauninuffl member 42, bonded with a conductaigepay to the metal h^er 
(not visibte) on baek of the dielectric sheets 32a, 32b and 32fc TTxe paneb are bolted to 
support brackets 4a Antenna 24 is easily leconfignrable by, to esample, removing one 
or two pands to create an antenna having a directioiial radiation pattern for eelb wh^ 
do not require an omnidirectional nHfiation pattern. Additional p-"-^. eadi wiA 

nanower horiaontal beam widths, can be set fa a polyional fiBhion within a cyl^^ 
ndomcL 

The assembly of the three pands 32 and the radome 26 b supported in a vertfcal 
position by a central pde or mast 44. The mast is connected to mountiiig plate 30 and 
fians an electrical connection therewith for granndfag the mast Bolt 46 (Figure 3) b 
threaded into the top of the mast thRM?gh a sleeve m a plate 48 and openfag in cap 28, 
and holds both fa place. Plate 48 (RgureSX pushing against the top edge of the radomc 
cylinder 26, forces the bottom of the cylindrical radome 26 against the mounting plate 
3a Tl»enwunting plate 30 indudes a raised circular shoulder to center the radome 26 
OBtheplateandassistfafonnfagasealbetweentheradomeandpUte. Thebolt46a]to 
edends thtoi^ a bracket for si^iporting a lightening rod Sa 



WO97/0«S76 



PCT/US9&U987 



Aiitaii»24iseasiljrreGonfigurabI& One or more pands may be recovered to 
piovide an antcima hawing 8 more directional rad^ AdditiomU antenna 

panels, eadi with a nanower horizontal beam width, can be added and otiented in a 
IKrfjigonalfcdiion about the ceatialniait,w^ ^^^^^^^^^^ 
5 «J«»glepanei,«uch«i»nd32,mvbeenclasedwithinaradomeandnui^ 

awaDoriideofabuildingfiardirectionalcoveragc. Mounting additional paneb to other 
«arfiace» of the building can provide greater horiantalcovenge. A panel aitay abo 
easiljriendsitselftomechamcaltiltingftirbeamadlnstments. Additionally, a tingle panel 

nay inchide an N I7 M aiiayf of patdi elementf to provide electronic beam stee^ 
10 capability. 

HGURE 5 show the bottom aide of the mounting plate 3a ItwOlalsobe 
described with refierence also to HGURE 3. The mast 44 (Hgure 3) Is attached to the 
plate 30 through an opening 52. Tbe poition of the plate eaending beyond the outer 
ciieBmfiBrenceofthe«dome26ftiimsaflange54. The antenna 24 is mounted to a 
15 support surface by bdti or similar festeneis eaending thmugfa «iot» « rf^inf d in the 
flangp43. Within each gioup of connecton 39, one connector serves as an input to the 

transmit anay and t«» conneetois serve as outputs to the horiabntaBy and vertical^ 
polarised signals fiom the receive anay. 

The toegoing desa^tion is of a preEened embodiment of the invention and is 

made to purposes of explaining various aspects and advantages of the invention. Tbe 
invention, however, is not limited to die embodimem shown. Reammgements. 

suhstitutiom and other nmdiScatioM to the iltostrated endjodiment mjty be made wi^ 
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depaittog from the invcDlion. Hie scope of the inventioii is defined only by the 
appended dflhns* 
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What is claimed is: 

L An antenna fiar a moMe radio eomnnmicationssysten^ 
at least one dielectric panel having fonned thereon a fiist, verticallyKwienied, 
linear amy of a phiraltiy of niaostrip antenna elemenis fior leceivittg signals and a 
second, verticaOj^niented. linear amy of a phiiality of nitctostrip antenna elements, 
inleiteaved with the elements of the fiist any. Bar transmitting signab; and 

a narnjw proffle radome extending around and enclosing the at least one panel 
for support in a vertical orienmtion. 



2. The antenna of Oainl wherein each mioostrip antenna clement of the fim 
anay farther includes dual feed points for duaHtaear horizontal and v».rti«.i p^t^rirarthn 

3. The antenna of Claim IfufthercanqnBing: 

asecond panel having fioimed thereon a fint, verticaDy^jriented, linear anay of 
a phaality of micnastrip antenna elements for receiving signab and a second, veitie^ 

aiented, linear array of a pluraHly of microstiip antenna dements, mterieaved with the 
dements of the first amy, for transmitting s^nals; and 

a central mast for supporting the fiist and second dielectiie panels in vertical 
oiwotatioiis; 

wherein the radome is suhstanttally cjtodricd and encloses the fiist and seco^ 
didectiic panels. 
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4. IbeantomofClaimdfiirtberooiiqmsingainininti^ 
the bottom of the radome to a sui&ce and coonecton extending through the mounting 
plate fisr eiectiieal connection to the linear am^s. 



5. The aotenna of Claim 1 hiduding nwant fbr coupling the Ihiear anays to a 
bate station of a land-based moUle nulio gmnin^Tniffltfmi ^stem. 
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& An antenna to a mobfle radio Goznmumcations^ 

a plurality of dielectric panels, each panel having formed thereon a fiist, 
vcrtically^riented, linear array of a plurali^ of nucrostr^ antenna dements for receiving 
radio frequency s^b, each microstrip element of the Gist arr^ inchiding two feed 
points fiir dual linear horizontal and vertical polarization, eadi panel further having 
fiarmed thereon a second, vertically-oriented, linear array of a phirality of microstt^ 
antenna elements, interleaved with the elements of the Sist array, for transmitting 
signals; 

means for assembliDg the dielectric panels together in a vertical orientation, said 
means fior assembling including means for orientmg each dielectric panel to provide 
diEGerent azimuth coverage. 

7. Theantennaofaatm6fhrtheroompRsmgasubstant^ 
q rt™^fflg around and enclosing the phiralily of dielectric panels. 

a The antenna of Oann 6 further comprimg a mounting plate for mti pKirg thy 

bottomof the cylindrical radons to asurfiu*, and pluraUty 

the mounting plate for electrical cMnectfan to eadi of the lu^ 
dielecttic panels. 

9. The antenna of C3atm 6 wherein there are at least two didectric panels 
erf linear air^ and the means for assembling indudes means for supporting the 
dielectric paneb in a polygond configuration about a center twanf 
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la The antema of Oairn 6 wiierem there are three didec^ 
mayt, each having a horizontal beam width covering substantialfy one hundred tweatj 
depees of azimuth; and the means of assemblmg indudes means for snppoiting the 
dideetrie paneb in a triangular configntatton about a 

IL The antenna of Claim 6 induding means fOT 
base station of a land*based mobile radio oommumcation system. 
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12. An anteim &r a mobfle radio coinmuiiicatiom 

a plurality of ^electric panels, each panel having formed thereon a first vertical 
linear array of a plurality of miaostrip patch antenna elments for receivmg «ignaU the 

miciostrqp antenna dements of the fibst array further inchidi^ 
hnear polaruation;' 

means for mounting eadi panel m a vertical orientation about a central mast in 
a generally polygonal configuration for providing wide ft^mitthal coverage with a 
rdatively narrow vertual beam width fior communication with hmd4>ased mobile radio 
telqihones; and 

acylindrical shaped radome wctfjiriing armind and gndosinE g^Hmric p nr I t, 

13. The antemia of Qann 12 ^rbeaisi each of the phmlhy of digigemv p^nfh 
fiirther includes a second vertical Imear anay of a pluraliQr of ni^^ 

d emc o t St mterleaved with the dements of the fitst array^ for transmitting signals. 

14« The antenna of Oafan 12 further comprismg a miming plate, mmtn^ §ar 
attacfamg the mounting phte to the bottom of the cylindrical radons and f»*^ 
<^"ding through the mounting phite for electrical connection to the linear arrays. 

IS. Theantennaof Oafan 12 hichuitng means for oouplmg the Imearar^ 
a base station of a land-based nuMe radio coiomunication system. 

16L An antenna for a mobile radio oommunkations system, comprising: 
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a pluraUty of dielectric pands, each pa^ 
linear array of a plurali^ of mteostrip patch antenna elements for transmitting ^gnpfa; 

means for mountmg each panel in a vertical orientation about a central mast m 
a generally polygonal configuration for providog wide aamufhal coverage with a 
relatively narrow vertical beam width for commnninirion with lard-based mobile radio 
telephones; and 

a cylindrical shaped radome eitendmg around and enclosing the dielectric pands, 

17. TheantenrmofClahn 16 forthercomprismg a mounting plate for 0019^ 
the bottom of the igrlmdricd radome to asurfiwe, and a 

through the mounting ptote for electrical connectim to each of the 
of the dielectric panels. 



1& The antenna of Oahn 16 wfaerem there are at least two dielectrkp^^ 
of linear arrays, and the means for assembling isKbides means for supporting the 
didectrk panels in a polygozial Gonfifgnratibn about a center mast 
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